Abstract
Introduction

59
Eutrophication is among the most serious threats to the function and services supported by 60 coastal ecosystems. 1, 2 Waterbodies worldwide have experienced nutrient-related degradation 3, 4 61 including excessive algal blooms, hypoxia 5 , and loss of seagrass habitat 6 that can have cascading 62 negative effects on fisheries. 7, 8, 9 In the United States (U.S.; Table S1 for acronyms), 65% of 63 estuaries and coastal bays are moderately to severely degraded by nutrients from agricultural and 64 urban runoff, atmospheric deposition and wastewater treatment plant (WWTP) discharge. 10 U.S.
3
The use of shellfish cultivation for nutrient remediation, called 'bioextraction,' has been 70 proposed in the U.S. and Europe. 14, 15, 16, 17 of shellfish aquaculture as a nutrient management measure in the Northeastern U.S. 15, 25, 26 78
Recent research has shown that the costs and removal efficiencies of nitrogen (N) through
79
shellfish cultivation compare favorably with approved Best Management Practices (BMPs). 13, 15 80
81
Nutrient credit trading has been proposed, and in some states implemented, as a tool to achieve 82 water quality goals. 27, 28 These programs establish a market-based approach to provide economic 83 incentives for achieving nutrient load reductions to meet pollution reduction targets. They could 84 create new revenue opportunities for farmers, entrepreneurs, and others who are able to reduce 85 discharges below allocated levels at low cost and sell credits received to dischargers facing 86 higher-cost reduction options. A credit is the difference between the allowed nutrient discharge 87 and the measured nutrient discharge from a nutrient source (e.g. wastewater treatment plant).
88
Credits must be certified by a regulatory agency such as the Connecticut Department of Energy 
Materials and Methods
127
Study site and cultivation practices 128 Long Island Sound (LIS; Figure 1 ) is a large estuary (3, Figure S1 ). 44 A three-year culture cycle was simulated using data from one long-term monitoring station 275 located within each of the four LIS zones ( Figure S1 ), and the same inputs (e.g. seeding density, i.e., food depletion.
285
Ecosystem service valuation 286
An intriguing aspect of the bioextraction discussion is the potential economic value of the water 287 filtering ecosystem service provided by oysters and whether growers should be paid for the The value of shellfish aquaculture as a N removal device is estimated by taking the difference in 299 minimum total costs for nitrogen reduction targets in the watershed with and without the 300 inclusion of shellfish farms. 62 In this case, the value of shellfish aquaculture production is 301 determined not only by its marginal cost in relation to other abatement measures (e.g., WWTPs),
302
but also by its cleaning capacity. Marginal costs increase rapidly with higher N reduction levels 303 due to the higher implementation costs of abatement measures required to meet reduction targets.
304
In the case of LIS, where aquaculture operations already exist and the costs of production are a 305
given (and are offset by oyster sales by the farmers), the value of the removed N is equal to the minimum total cost without shellfish production (or the costs of WWTPs, agricultural and/or 307 urban BMPs that include wet ponds and submerged gravel wetlands). (the fluctuations result from slight variations in water volumes in consecutive years; Figure S7 ).
340
The reason for the variability is that EWN uses water flux outputs from SWEM superimposed on Figure S8 ).
347
The calculation of N removal and other eutrophication-related ecosystem services (e.g. Chl and returned to the water as pseudofaeces, faeces, excretion, mortality, and spawning ( Figure S8 ).
357
The model works internally in carbon units, and from those outputs other terms are calculated
358
( The marginal analysis showed that changes in seeding of Box 25, which contains the majority of 453 leases (Table 2) , results in changes to harvest in all boxes ( Figure S9 , Table S5 ). The changes in
454
harvest are a typical representation of the law of diminishing returns, such as presented for considering Pi = Po, is roughly at the maximum production level (where Pi is price of seed, Po is 461 harvest value). There are not enough data on industry costs or revenue to extend this analysis,
462
however, note that that the more Pi is in excess of Po, the greater will be the MPP for the 
642
*When APP is >1 this means that there is more than one kg of product that is harvested from one kg of seed where the profit margin will depend on the cost of the seed and the 643 value of the harvested product.The breakeven point is dependent on the relative costs of seed and product, technically the threshold is the point where APP is equal to Pi/Po (price
644
of input/price output). 
